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(54) METHOD AND APPARATUS FOR MEASURING SCATTERING ABSORBENT 

(57)Abstract: 

PURPOSE: To enable highly accurate measurement by 
admitting light with a plurality of specified wavelengths with 
transport scattering coefficient regarded as equal to 
perform an arithmetic processing of signals (measured 
values) detected at a plurality of positions. 
CONSTITUTION: Light (comprising different wavelengths X^ 
and X2) from a light source 2 is selected 4 in wavelength to 
be incident upon the surface of a scattering absorbent 20 
through a light guide 6, The light propagated diffusively 
through the absorbent 20 is received with light guides 8 and 
10 placed at positions at distances pi and p2 from the light 
incident position. Photodetectors 12 and 14 convert 
photodetecting signals into electrical signals to be amplified 
and output detection signals a and b respectively. An 
arithmetic processing section 1 6 performs an integral 
computation of the signals a and b in a time area utilizing a 
signal (e) synchronizing the generation of light of the light 
source 2 and the results are converted into measured 
values c and d proportional to the quantity of light detected. 

Then, an arithmetic processing is performed for the values c and d with respect to the wavelengths 
and X2 and known parameter pi and p2 preset based on three-series relationship to calculate a 
ratio of an effective attenuation coefficient and moreover, an absorption coefficient to the 
wavelengths ^1 and X2. 
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^m\zm'>-r^oir. ^wi<om^^m-^i&i&-rz:it 
jjiT^-s. com-^. maj© (i. 5) sctim (i. i 
0) ittt. mmLftMm^tsEm^<D^m<D?^m\zm 

[0 0 6 9] *s©^?9©w-aii:**i:Sfi«, 

i:E7IC^f. ftfib, 06l?«2®^*>6Jt§AI*U 

Jti4;m:)?ei!: (1. 3) *^e.«:*^ns«5*. 



ti^-s. tz.!bi)^, z.(r> (1. 1 5) %\% (1. 7) it 

ic^)^, jiM-rsiit^tTt. (1. \Q)%\znm 
•£.4<a©:5e^*t#e.n.5. 

[0 0 7 0] bfc)!i<oT> ±ffii:ll1S»CbT. 3fii©H- 

jiffli:±i24ii®ic©tf©ffia©3a©a;!£fflv>T. 3 

:3©*ttS:M.i<i. M.ii2*5<i;afzo S;*J65Ci:*tT 

±©j;5;^asitt, (1. 1 5) iC:4^e.«*^ns-€-n^= 

*Taa:bfciC-rfen«ifA/;5:j^©J5;T?fcJ;Vi. 
[0 0 7 1] zo *^KttSi:i:bT®i9ffi;^5® 

^\z\t. (1. 1 5) ^*^e.s*^na-tn-?nffla;^2 
o ©it*^ ^ s isc:^8i5;s t < ;i i: tc J; o T M . I n , 

/;ieiis**»-5Ct*<T$5. ;in*>f)M.i/w 
.2©<il?£?JI±lbT. A^i^nt^wKs^flaSiai^i:. K 

[0 0 7 2] \>xh\zw^\^itiititxv-^im,%(n>^m 

A«b;fc&Bi:3t«ttl&fii:Siia^ia«|lc?(i5i5lfB«S 



7 ic*bfcManagr.g©K8i»ci±8i!bT+^>fflic5>®b 
Tt>.s«-&ictt. ;ine.©i[*tj:gH©iai^(c«i-:>;tssi 

«:fT5e:i:*^T€5. XSCT»CBe.n-5<i;5* 
iB»H«}*!&<£f7oT> J:ne.©I^SB1f«(CM-rs»r®« 

^^^rti^DH^©^!^®^^, 'mM%<r>^MU.ii<r) 
'f^-v>i^^»fl«©S«*«;5:i:fc-I?#-5, 3 SIC. 
±E©H-ai!£S;S:5^WtcffA«. WIEl^SI5Wffl©^W 

[0 0 7 31 O^IC. *S©^?g©*^S4tt<£5%-r 1 -T)© 
«3Ji:bT, *lg©5SW»c<i:4;^ffii:, ti£5l5©-3£©3t8S 

<, 

[0 0 7 4] flj*b/t04(cSb«:J:5?a:*SraS6* 
^)maKiR»S:#Afc«^. «iffl3n5>tfi^t4 (1. 
5) iCT^-a-s. ;:©J;5:ftM^ir*fbT, 

50 [0 0 7 5] 



-65- 



JP 7-49307 



Page 10 o f 21 



(10) 



i|$il¥7-4 9 3 0 7 



17 



18 



:l 9] 



<L> = 



cJJtRCp,0.t)dt 
J^R(p.0.t)dt 
3 (/^a+/^4?')(^o^P^) 



1 + (Zo2+p2)l/2 



(1.16) 



[0 0 7 6] 

[0 0 7 7] z,zi^. ^^w^\zn'r^mm^umtL 

/i. ' =0. 45 (min'O , zo =1/ms ' ^ ^ 
tc\mm^WthXp=^bO (mm) ^^o. 

0 U^e, 0- 0 2 ic^fl:t-^i:#o¥i^3ts&:S^£^n-e* 



*n. <L (/X. =0. 0 1) >i:<L (u. =0. 0 

[0 0 7 8] 
[^2 0] 



A = — . 51 ^ V inn 

<L(//^=aoi)> 



0.17 ) 



30 



[0 0 7 9] LiS,^. Ltif)^^X. ^mm'^-'&X^^ 

h^'&Lx^^itmtm\t. 1 4%ss(7)mM<&-&t^;i 

m%^m^hx^^^<Dx. ±M<Dmm^m^xf\^^<^ 
^mir^m-^x^hmmx^D. mm<Dmm<Dm\t(i>L 

[0 0 8 0] (1. 2) ^mmcDi^m^m 
z.z.x\t. ±mx^ibft[Hm^m\zm^\,^x^iSL. 
^^\mu^i^\zmtmm^mnmm{.x^^^yjmz 
^^^x. m^m^^xmmt^o 

[0 0 8 1] (i) ^^^a^ixDmmm^mom 

/iii = eBb,i CHb] +eBbo.i 

/^•2 = £Bb.2 [Hb] +£Bb0.2 

Cmm-^ • M-^ 

6ab.2 : ii7CA^:i^CItf>(7)K:^A2 IC*H-^^;l/®lK 

Y= CHbO] / ( [Hb] + [HbO) ) 
X$>^f)^^. ^ ^[0 0 8 5] 

lit\/llt%= [£Hb.i+Y (fHbO.i 

C£Hb.2+Y (£Hb0.2 

Ltzti^^x. mm<Dmm\z^-:^xi^^tzil^^/li^2twL 

ao;^^/ — 3^ £ Bb. 1, £Hbo.i , £ Bb. 2:fe<i;!/£ 

Bbo.2 t^m^^x. mmfmm^w-m^^z.tf^^x^ 
u^. m^^^xmyt^^!fu\iy\z$^hxmiti^ 

1^— (^8 0 Onm, isosbestic wavelength 



)^^%m<Dm\z^\'^^mLfSL^<D^uh(D\t. tk, ^k^^ 

20 n-A (cytochrom ) > ®ft;*5ctrX5i7CA^:^D If 

i&.n^UmLX(Di\^t^V^U'-h<DmL\t. K 

[0 0 8 2] i^±tC^LT. Vi^. ig:gAi tXz <D2 

m<Dyt^^^^. r^t. Ai ^A2 \zM'r^^t\5L%^ 

0\ZtSi^o 
[0 0 8 3] 
CHbO) (2. 1 a) 

CHbO) (2. lb) 

★ £Hbo.2 : K^t;^^i^nH><DiS:gA2 \zMT^^)V^ 

UmSi Cmm-^ -M-') 
(Hb) :ii7C^^^ntf>(D^;i/S« CM) 
CHbO) :S^bA^i^nt:>(D^:;i/^ga[ CM) 



[0 0 8 4] 



(2. 2) 



- £eb. i) ) 

I - £Bb.2) ) (2. 3) 

[0 0 8 6] (ii) ;^-/^^^'i7>H®iR;6^*§JS^ 

m^f)^^^. :z(Dm'^\t. m^xi . A2 ^^z^xz \z 
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jtiii = £h1). 1 

Mi2 = e Hb. 2 
tltl = SBb, 3 



CHb) 
CHb] 
(HbD 



+ f HbC, I 
+ f flbO, 2 
+ £ HbO. 3 
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+ ai 
+ a2 
+ a3 



(2. 
(2. 
(2. 



4 a) 
4 b) 
4 c) 



(Mll-yi2) / (^■3-/il2) 

= c -ID / c (M.3/M.2) -1] 

= C ( E Bti. I — Eti .2) 

+ Y (EHbO.I — £Hb0.2 ~£Hb.l + £Hb.2) 

+ K (a I -32 ) D 

"i" C (e Hb. 3 — £Eb, 2) 

+ Y (esbO.S — £Hb0.2 — £Bb. 3 + £Hb. 2 ) 

+ K (a 3 -a2 ) ] 



flu 

K=l/ ( CHbD + CHbO] ) 
tn^. Ltzti^-yr. ai ~a2 ~a3 tfi^^o\zm 

v^T (u.i/u^i) a^Tf (M.3/M.2) s^j&T. a? 

(2. 5) ^(CftAtT, m^mY>&7!^tb^CtifiVt 
/ft*. ±ffiro|^ftai ~a2 ~a3 H-iSJj^^T 

[0 0 8 8] { 2 ) maKiR^^rort&^wawiagii 
(2. 1) mirolliS«»it«s8g 

a:€:ttfflL.?S:Jl£iS2ttS*5SESAi tAj 30 

■r-5. n-ait^ffl-r53e©ffiEfitt. ttsi*f«(']«:i;Tji 

i:0®iR(7)Bi^*> e, 7 0 0 ninet±©3t:*s J; < ^^ffl S n 

HeNe k-if-ftt'a-^rCDfcOTiiJt^eiaT^ 4» 
[ 0 0 8 9 ] )tilS 2 f. ®31£f4iSSjlWS 4 -CKSSK 

o«)«fflicAW-r5. f^jfi-rsjcai^mjti' 
fc*, AWjt«»52iiiiDiaii-r5*f I'itat. Jt<7);&i6i 



••• (2. 5) 
(2. 6) 

[0 0 9 0] 3t;y'f H 6 tWrMnm 2 0 ©Bfl ro^ Htt, 

j:ns::^#< UT. :i(D^m\zmmM^2 o ^rsij^u 

l.^®»r$t»a«ISSfcojStt«^^-tf'J-«!Klfls (fit 
»L/TH-SllS**lCAWfS-4>e.f5I?.raiS(4±i;;5:ti. * 

^-y3i-xm^mmzj8isit^ct\zii-3x. mms. 

[0 0 9 1] maKiRfl£©|*iei5*ffiiie«Lfc:)t«, M 

t27tAi*tfcg*''^iEi8tpi ^^zfp2 <D&m\zm^^it^ 



[0 0 9 2] ^iroJEfefflggl 2:fe±(y:®2(03t^aJS 

i4tt, mm^ytmn^m%mmz^mLxmtfiiu ^ 
n^n«tiifi^a*3j;t;bsm*-r-5. c:©jt«iffligi 

)i6«iais 1 2 1 4 t»a®w 2 0 1 

ns. 

[0 0 9 3] »i?«i].3afis 1 6 tt. miomtaisi2^ 
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[0 0 9 4] og'tc, S^CDiggAi iA, iCl^tm 
S« c J; t>' d i . i^a?)SiJ©:&Sr#J^* S tt^ 3 

fg, -osoigfiA. iA, !,cititi>m^m^m^u.,,. 
u.^<D^t^m^^x, mm{y^c{2. 3 ) ^©wf^^fcs-:? 

[009 5] t^±®t|^, S^cS?gS©**|aIB#cc^O 

^ws.^-^mmi,-nm (09 (a) ) a^*^. 

M^c^.i8?S©^*|5Itt«©K'-AKLr, ?feAIM©it 
iric^i:ffcjgS3itR7^;i'i?-cigS3i^-r5:i7S (S9 
(b) ) . S (,>«■€■©* *¥tf tctftSLTOmc AW 0 
r. ifiB3!c^tHS©a:fi(cs:w/c:?ggjijR7 30 
S3is?-rs:&a (11 0 (a) ) , 3etctt4<i©7t^ 
(liS^fflL^t: 2 tt®igs©>fe?: 2 e§frM'JK*itii-r -s 

(01 0 (b) ) fiiOi^hh. iLic, 2-oO)^m.i}^ 
[0 09 6 ] 7t?r4ft)5:<!:©tJ[SLtRiRft{cA«^ ■5^15 
(C, *7icU>X (011 (a) ) , ^Vy^)^- m\ 

1 (b) ) , f>*:-;K0i 1 (c) ) ^mmt^-fi 
m. i*^^©J:')ccftrtA:.6Alt-r^:^)£ (01 1 

(d) ) fj:i:f)iAi>, */c, iJ!SL®iRtt©l^ai<£J£t5[{c 40 

1 2 (a) ) . 7fe:7T'f>'>'--^ffll^S:&^ (012 
(b) ) > U->X^ffll,^*7j-^ (HI 2 (c) ) iSi'^s 

[ 0 0 9 7 ] s/c. 3t«iait?fie,n^«#*<g*8#-etf 

(a) ) > P-:;i'-f>r>7' (013 (b) ) ^Ci^&fiJ 

tct*. #fl3m#iL.rBirieiiiJW<t-^e?:fijffl-rs. co so 
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y©i«C^ftfJ?:tf5<ttKW^r-*S. Sfc. tJtSLCRiR 

■&bfdm.<Dm^m\,^x. BiriBitisijfii c sc>' d ^miLt 

[0 098] ^ P)(C, mfR»tR<*K>Pt-r.S7£OAI^ag 
SLtRiRft©^a5©rtg|5tf$8*5)5*r. ^U-A^*-;- 

(i. rtgi5tffR©^}-^tJ^s^-rii^?5sf#6n.5. sfc, s^c 

ntc^mmn^im-rhm^^ ^> ^. 0 s ©c^I©as^ia 
ii^iai ^\tcinh^m7n»)i>\.Amm-r^h(Dxh 

-( ife i A .2) 3 > b- ^ - dj^gfc J; r ia jlKHtf-r 

[0 099] ( 2 . 2 ) »2 ©^SS^jK^Sgg 
01 4», «©l|BJ{C^^tJSL5RiRttlttJ:r«**li 

SLeKium3:x^yt^j©^>©-c*€.. 7tP2«-en-en^ 
^csissAi iA, ©7fe*^i-rs, ^m2tfth.(D% 
«> 2gSjilRii4-ci«g^tR3n, Tfe^^f-rKe^riiL-r 
ItSmi^f ab^t!!SL®iRf*2 0O«S(cAW-r€., m 

®iUi*2o©rtiH5*ffi;t!jfiffii/fc*«, mu^K%mm 

A^^€ti^tiM^C'S8Efid. fcJ:D"'d, ©ffigtcgc^/c 

jt^^-f K8feJ:{>'l 0-C^7t$n.5, C©0»> 

d. >d, <i:^cSj:^.tc, Ml^im<D-^^K.ti^m 

^xmi^md\mxt\mLX[^>^w^^m-r, 

[0100] %ti-< F 6 , 8*5<fcf>' 1 0 <i:fttWa2 0 
©BSO^PiStt, 01 4©||l^0'ir»i![4NK:!Sort,>-5. 

0 1 mm b f.^mt^m t wmm,^ fco^>3?-7x- 

[ 0 1 0 1 ] m 1 (D^mm 1 2 fcj;0'll2 ©5fet^W 1 
4K, miia^ft^^^m^ic^brJtriiit, ^ti 

-eti^^a^-^a*3j;i>-b^m;'3-rs. mmm%\^ 

«. -en^ti||l©3lc«lttigl 2fej;J>*ll2©5lc{^HJS 
1 4;<):'6®i^ll{m^ateJ:0'b^lt^MfflLr. 
^©^fflTfefiJctt^JLfcli-tJfii c 43<fc i>'d {c^-r-S. 

c©fi^mtt. mt*. «^aift-^ate<ti>'b(c>(fr.5 
cfccfco'd^sti^n*, c©ii^, %m.2hhKAm^ 

ji!RI|4©«;{^ip)Wtfcp)Wm^e*«ffl-r^. fc/c 

C®ID»Hi#e >&«lll§-r4 C i fcT* 
[0 102]-:)^K, S^©igSA, iA, {C>Ptt--2)l+ 
tiffl c te D-'d i > ^J?)SiJ©?3iS-etJS*> S 1^1*^3 
n/c|SS0©>'^"7y-5'p. , p, ©liii?:, tJaiL/fcS 
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[0 10 3] w±co«-&, mKommmrwmhftcDt 
mmz. i^f3i^&&<D^mmz^ts^t:mm-r^^m lo 

CO 1 0 4] «ta,®iR#:cAi*f sq^atUT 

l|i©SISS«s|<fc|^«©;&fe/»«-?-cDS*^ijfflT#5. 

»T, 7U-A^tu- (la^-ar-r) icssfflb, ens 
'fisns, mimM\zsYmrn\i. \Hmmnomm6^ 

1 4cotfJCO^S^Egl#gl 8li;ine&SS^»5V5(d:IB 
X y W -f ?i f £ il ;i .5 3 > hf JL - ^ g§ C J; -3 T il^ iS (C 
[0 10 5] Sfc, 9rl«S§f»J-r2.J;5;^®-&»ctt, 

Cin^(DiS-&, mKiK#:2 0£®Dffi£yi 
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CO 1 0 6] 

wcSu^^Vf-(Dpi^mm.^^mmz^mt^ z. 
rt^f?ii^£H-aiu. seiccn^ro-f ^^-v'^if-^Bfii 

[03] «^tilJtSl [p] i:«imiEKpi:®BlfS£^-r 
[04] *S©%?B©JiaCD|ftWiaT*5. 

[06] ;^7:^Wtm©thSI«:^fiJi?^0-p*2>. 

[07] X7:f^w^mmi7r:'rmmmrs>^. 

[08] millJS«sj©ge©«j^0T»5, 

[0 9] ift;S©S*-55t©«)0m^Sfcaii^$ff5fc 

»©ffl^0-rfcs. 

[010] iSg©S/fe53t©«im2:ff5fc&®^(lfieE-e 

[011] mK'Kft:'v©)tAM:&S*S-riK93aTS 
-5. 

[012] §)fc:^^fe*^-ri»W0-r»5. 

[013] ^mmnoimm=Bm'^:^myF:-rmmmx& 

[014] ^2||JIW©gg©«J«0T*-5. 

4-iSfiSWg§, 6, 8, 1 o->t:y'f H, 

12, 14-3i£^mg§, 1 6-S5S[j!!iag6> 18-SS^ 

Kiies, 2o-m®«#. 
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